b Background: Managing Type 1 diabetes (T1D) during adolescence can be challenging, and there is a need for accessible interventions to help adolescents cope with diabetes-related stress. b Objectives: The aim of this study was to compare an Internet coping skills training (TEENCOPE) intervention to an Internet educational intervention (Managing Diabetes) for adolescents with T1D. Moderators of program efficacy were evaluated. b Methods: The study was a multisite clinical trial (n = 320) with data collected at baseline, 3 months, and 6 months. Data were collected on the primary outcomes of physiologic (A1C) and psychosocial (quality of life) and on the secondary outcomes of behavioral (self-management) and psychosocial (stress, coping self-efficacy, social competence, family conflict) variables consistent with the conceptual framework. Data were analyzed using mixed-model analyses with an intent-to-treat approach. b Results: There were no significant between-group treatment effects 6 months postintervention on primary outcomes. The Managing Diabetes youth showed a significant increase in social competence compared to the TEENCOPE youth. There were significant time effects for TEENCOPE (decreased stress and increased coping) and Managing Diabetes (improved diabetes quality of life). b Discussion: Youth with T1D transitioning to adolescence may need both structured diabetes education and coping skills to improve health outcomes. There may be a higher potential to reach adolescents with Type 1 diabetes of varying race and ethnicity via Internet interventions. b Key Words: coping skills training & interactive diabetes education & internet & Type 1 diabetes T ype 1 diabetes (T1D) is one of the most common chronic childhood diseases, affecting 1 in 400 youth (SEARCH for Diabetes in Youth Study Group et al., 2006) , and the incidence appears to be rising (Gale, 2002) . On the basis of national estimates of the prevalence of diabetes in youth ages 10Y19 years, T1D is diagnosed most commonly in non-Hispanic White adolescents (2.88 cases per 1,000 youth), with rates somewhat lower among Black adolescents (2.07 cases per 1,000) and Hispanic adolescents (1.60 cases per 1,000) (SEARCH for Diabetes in Youth Study Group et al., 2006) . The intensive treatment regimen for T1D is complex and demanding, requiring multiple daily doses of insulin (administered by injections or pump), frequent monitoring of blood glucose levels, accounting for carbohydrate intake, and making adjustments to insulin intake based on changes in diet and activity (American Diabetes Association, 2011) . As children reach adolescence, metabolic control often deteriorates because of the hormonal changes of puberty associated with insulin resistance (Amiel, Sherwin, Simonson, Lauritano, & Tamborlane, 1986) and because of increasing self-management autonomy leading to lower adherence to the treatment regimen (Anderson et al., 2002) . Youth with T1D from minority backgrounds have been shown to have poorer metabolic control than youth from nonminority backgrounds (Delamater et al., 1999) . Furthermore, negotiating responsibility for treatment management is burdensome and stressful for adolescents and their families (Davidson, Penney, Muller, & Grey, 2004) . Interventions are needed to help adolescents and families cope with the stress of modern diabetes management.
Diabetes education is a standard of care for youth with T1D (Silverstein et al., 2005) . In addition, psychoeducational and family-based approaches have been applied successfully to improve diabetes-related outcomes (e.g., Anderson, Brackett, Ho, & Laffel, 1999; Harris, Harris, & Mertlich, 2005; Wysocki et al., 2008) . For example, Anderson et al. (1999) found that an office-based intervention to promote parentYchild teamwork improved metabolic control and parental involvement in diabetes management. Similarly, a behavioral family therapy intervention for adolescents with T1D improved metabolic control and parentYchild communication over time (Wysocki et al., 2007 (Wysocki et al., , 2008 . Coping skills training has been shown to improve quality of life (QOL) and metabolic control in adolescents with T1D (Grey, Boland, Davidson, Li, & Tamborlane, 2000) . These interventions show promise for improving family functioning and adolescent outcomes, but they required in-person visits, which limits accessibility, particularly for minority and low-income adolescents and those from rural areas. It is important to consider interventions with broader reach.
Rapid advances in technology and access to the Internet have made it not only a viable mode for the delivery of psychoeducational interventions but also a platform that can be disseminated and implemented widely. In addition, Internet interventions allow for standardized program content, can be targeted to specific ages and developmental phases, allow for social interaction, and can be easily updated. Access to the Internet is becoming increasingly available nationwide and has risen to its highest level ever, with 93% of youth using the Internet regularly for school assignments, hobbies, or special interests; entertainment; and connection with others (Nielsen, 2005; Pew Research Center, 2009 ). Psychoeducational interventions delivered via the Internet have shown efficacy in a variety of ages and illness experiences, improving various symptoms and health behaviors (Nguyen, Kornman, & Baur, 2011; Pacifici, White, Cummings, & Nelson, 2005; Siemer, Fogel, & Van Voorhees, 2011; Williamson et al., 2005) . The Internet, therefore, may represent an efficient way to deliver psychoeducational interventions to youth with T1D.
Conceptual Framework
The conceptual framework for this study was based on a stress adaptation model (Pollock, 1986 ) that describes the process of adaptation specific to childhood T1D (Whittemore, Jaser, Guo, & Grey, 2010) . As seen in Figure 1 , this framework suggests that pre-existing characteristics, such as age, duration, gender, treatment modality, race or ethnicity, and socioeconomic status, as well as individual responses such as depressive symptoms, moderate the level of individual adaptation. In addition, stress and coping, self-efficacy, social competence, self-management, and family conflict mediate these outcomes. Psychoeducational interventions are hypothesized to influence the individual's adaptation directly and indirectly through effects on stress/coping, self-efficacy, problem solving, and self-management .
Purpose
The purpose of this randomized clinical trial was to determine the short-term effects of an Internet coping skills training program (TEENCOPE) for youth with T1D (ages 11Y14 years) compared with an Internet educational program (Managing Diabetes) on the primary outcomes of metabolic control (i.e., A1C) and youth QOL and secondary outcomes of self-management, stress, coping, self-efficacy, social competence, and family conflict. In addition, moderators of program efficacy were also evaluated.
Methods
This study was a multisite (four sites), randomized, controlled, parallel-group trial conducted in the United States. Eligible participants were youth ages 11Y14 years who had T1D for at least 6 months, were in a school grade appropriate for their age within a year, had never been exposed to coping skills training materials, had no other significant health problem, and had access to high-speed Internet service. Research staff assisted any adolescent without home Internet to gain access at a school, local library, or clinic. The sample of 300 participants was determined by several power analyses based on the effect sizes seen in previous studies of adolescents, accounting for 20% attrition.
Youth were recruited during follow-up visits at pediatric diabetes clinics associated with four university sites (Yale, The Children's Hospital of Philadelphia, University of Arizona, and University of Miami) representing a range of racial, ethnic, and socioeconomic backgrounds, reflective of the national prevalence of T1D in youth. After institutional-review-boardapproved consent or assent was obtained, study participants were assigned sequentially to study identification numbers that had been randomized through a computer technique created by a member of the programming team with no clinical involvement in the study. Randomization was in blocks of 10 at each site, and allocation was in a 1:1 ratio to either TEENCOPE or Managing Diabetes. Enrollment in the study was determined after participants completed informed consent and baseline surveys. When all baseline instruments were complete, the system generated an e-mail message informing the study participant of group assignment.
Investigators, clinicians, and research staff who completed informed consent and data collection were kept blinded to study assignment. Study participants were blind to assignment until after the completion of baseline data collection. Two staff members at Yale who were not involved in data collection were able to access participants' assignments to answer questions or troubleshoot issues youth had in accessing programs. Staff members took all efforts to maintain masking and equipoise during the study.
Interventions
TEENCOPE is an Internet program based on a successful in-person coping skills training program for youth with T1D (Grey et al., 2000) . Coping skills training is derived from Bandura's social cognitive theory and involves practicing and rehearsing a new behavior (i.e., coping skills) to enhance selfefficacy and promote positive behaviors (Bandura, 1986) . The goal of coping skills training is to increase competence and mastery by retraining nonconstructive coping styles and behaviors into more constructive behaviors.
TEENCOPE was designed using a graphic novel format and a cast of ethnically diverse characters with T1D who present challenging social situations, approaches to solving problems, and consequences of decisions. Specific content includes social skills training, cognitive behavior modification, assertive communication, stress reduction, and conflict resolution. There were five sessions released weekly that were highly interactive and encouraged self-assessment and the use of coping skills. Upon completion of sessions, responses to interactive aspects were posted on a personal profile so that participants were able to learn from each other. At the end of each session, participants were asked to practice the new coping skills that were presented in that session during the upcoming week and to share experiences on a discussion board moderated by a health professional (PhD or RN). A description of the program development has been published (Whittemore, Grey, Lindemann, Ambrosino, & Jaser, 2010) .
Managing Diabetes is an Internet diabetes educational program also modeled after an in-person educational program for adolescents with T1D. Managing Diabetes served as the attention control condition in this study. To parallel the TEENCOPE program, Managing Diabetes consisted of five sessions that were released to teens weekly over 5 weeks. The sessions included case studies and problem-solving exercises intended to enhance teens' capacity to make diabetes-related decisions. Although all youth with T1D receive ongoing education in routine care, Managing Diabetes was designed to provide additional knowledge and problem-solving skills on intensive insulin regimens (multiple daily injections or pump), carbohydrate counting, sports and sick days, and healthy lifestyles. The sessions contained culturally relevant content (i.e., the inclusion of diverse foods) and problem-solving activities (i.e., rate this plate). The sessions were enhanced with pictures and were highly interactive; programmed responses were used to give youth tailored feedback on their answers to questions and problem-solving activities. No interaction with other teens occurred in the Managing Diabetes program.
Measures
Data were collected at baseline, 3 months, and 6 months (12and 18-month data collection is ongoing). The primary outcomes included physiological (A1C) and psychosocial (QOL) variables. Secondary outcomes included behavioral (self-management) and psychosocial (stress, coping, self-efficacy, social competence, and family conflict) variables consistent with the conceptual framework. Satisfaction was evaluated using a brief survey with a total score ranging from 0 to 5. All data were collected via online survey with the exception of clinical data that were collected by retrospective chart review and demographic data that were completed at the time of consent by parents. Reliability and validity of all measures have been reported previously (Grey, Whittemore, Liberti, Delamater, Murphy, & Faulkner, 2012) .
Primary Outcomes
Physiological Adaptation Glycosylated hemoglobin (A1C) is measured routinely every 3 months in patients with diabetes. The glycosylation of the hemoglobin molecule provides objective criteria of metabolic control over the past 8Y12 weeks and was the primary outcome. Analyses were performed using the Bayer Diagnostics DCA2000, which provides results in 6 minutes on a fingerstick blood sample (normal range = 4.2%Y6.3%; American Diabetes Association, 2007). A small percentage of clinics (12%) measured A1C using alternative methods (i.e., HPLC, Roche Tina-quant, immunoturbidimetry). Statistical analyses indicated no significant variability in measurements analyzed using different methods.
Psychosocial Adaptation Quality of life was evaluated using the Pediatric QOL Inventory designed for children with chronic health conditions (Varni, Seid, & Rode, 1999) . The instrument consists of a 15-item core measure of global health-related QOL and a 28-item supplemental measure assessing diabetesspecific QOL. Higher scores reflect better QOL. High reliability and validity have been established in various clinical and community samples (Varni, Seid, & Kurtin, 2001; Varni et al., 1999) . Cronbach's alpha was .87 for the global measure and .90 for the diabetes-specific measure.
Secondary Outcomes
Diabetes self-management was measured with the Self-Management of Type 1 Diabetes in Adolescence, a 52-item scale evaluated on a 4-point Likert scale (Schilling et al., 2007) . The instrument measures youth reports of five domains of self-management of diabetes (collaboration with parents, diabetes care activities, problem solving, communication, and goals). Cronbach's alpha ranged from .63 for the goal subscale to .80 for the collaboration with parents subscale. The low internal consistency of the goal subscale may be a result of having few items (n = 7). Stress was measured by the Perceived Stress Scale, a 14-item scale designed to evaluate the degree to which situations in one's life are unpredictable, uncontrollable, and overloading (Cohen, Kamarck, & Mermelstein, 1983) . Items are used to assess feelings of stress, hassles, and coping during the past month. Respondents rate items on a 5-point Likert scale ranging from 0 (never) to 4 (very often), with higher scores indicative of greater perceived stress. Cronbach's alpha was .80.
Coping style in response to diabetes-related stressors was measured with the Responses to Stress Questionnaire (Connor-Smith, Compas, Wadsworth, Thomsen, & Saltzman, 2000) . The first 10 items of the measure list stressors specific to adolescents with T1D (Davidson et al., 2004) , followed by 57 items asking how the individual responds to these stressors. The scale includes three coping factors: primary control engagement coping (problem solving, emotional modulation, emotional expression), secondary control engagement coping (positive thinking, cognitive restructuring, acceptance, distraction), and disengagement coping (avoidance, denial, wishful thinking). To control for response bias and individual differences in base rates of item endorsement (e.g., gender differences in total number of coping strategies endorsed), proportion scores were used for all analyses. Cronbach's alpha for our sample ranged from .77 to .87.
The Self-Efficacy for Diabetes Scale measures the selfperceptions held by youth with diabetes about their personal competence, power, and resourcefulness for managing their diabetes successfully (Grossman, Brink, & Hauser, 1987) . The scale consists of 35 items in three subscales: diabetes-specific self-efficacy (24 items), medical self-efficacy (5 items), and general self-efficacy (6 items). Youth are asked to rate their degree of confidence for items on a 5-point scale (very sure I can't to very sure I can); higher scores are indicative of lower selfefficacy. Items have been modified from the original version to include current T1D modalities (i.e., pump therapy). Only the diabetes subscale was used, which had a Cronbach's alpha of .90 in this sample.
Social competence was measured via the social acceptance subscale of the Self-Perception Profile for Adolescents (Harter, 1988) . The subscale consists of five items, and each item consists of a statement about two groups of people who are dissimilar (e.g., some people are able to make really close friends but other people are unable to make really close friends). Youth choose which group he or she resembles the most and then indicate whether the statement is ''really true for me'' or ''sort of true for me.'' Statements are scored on a 4-point rating scale, such that high scores reflect greater perceived competence. Cronbach's alpha for this sample was .75.
The revised Diabetes Family Conflict Scale was used to evaluate diabetes treatment conflict (Hood, Butler, Anderson, & Laffel, 2007) . The scale is a 19-item questionnaire adapted from the Diabetes Responsibility and Conflict Checklist (Rubin, Young-Hyman, & Peyrot, 1989) and is used to measure the degree of conflict between family members on diabetes management activities. Diabetes conflict is rated on a 3-point scale (1 = never argue, 2 = sometimes argue, and 3 = always argue), with higher scores indicative of greater conflict. Cronbach's alpha for this sample was .87.
The Children's Depression Inventory was used to measure self-reported depressive symptoms, including disturbance in mood, self-evaluation, vegetative functions, and interpersonal behaviors of youth (Kovacs, 1985) . It contains 27 multiplechoice items that yield total scores from 0 to 54. The item that addresses suicidal ideation was eliminated due to the inability to respond immediately to a positive endorsement. Higher scores reflect a higher number of symptoms. Youth who scored above the threshold for depression (12 or higher) were contacted by a qualified study staff member (psychologist, nurse, or social worker) who conducted a depression assessment and made appropriate referrals. Cronbach's alpha in this sample was .90.
Data Analysis
The sample and each of the variables were described using frequency distributions and appropriate summary statistics for central tendency and variability. Differences between groups at baseline were tested with t tests or Chi-square tests, depending on the type of measurement. The principal aim of the study was to test the hypothesis that youth who received the TEENCOPE program will demonstrate better physiologic (A1C) and psychosocial (QOL) adaptation than youth who received an Internet educational program. The effect of the intervention on secondary endpoints of self-management, perceived stress, coping, self-efficacy, social competence, and family conflict was evaluated. To accomplish these aims, a series of mixed effects linear regression models (repeated measures ANOVA with arbitrary within-subject correlation structures) in the SAS procedures MIXED (for continuous outcomes) and the generalized estimating equations methods provided by GENMOD (for dichotomous outcomes) were conducted using an intent-to-treat approach. Indicator variables to test for differences of the experimental (TEENCOPE) and control groups and baseline covariates, such as age, gender, race or ethnicity, treatment modality, and income, were included in these regression models.
Moderation analysis was performed to see if the time effect on outcome variables was moderated by demographic (age, gender, race or ethnicity, income) or clinical (therapy type, elevated depressive symptoms) variables consistent with the conceptual model. Moderation effects (moderating time effect on the primary outcomes in each intervention) were tested using a longitudinal effect model adjusted for the covariates.
Results
The sample included 320 youth with T1D ( Figure 2) . The mean age was 12.3 (T1.1) years, mean duration of diabetes was 6.1 (T3.5) years, mean A1C was 8.3% (T1.5%), and 60% were on pump therapy. Most participants were White (72%) and women (55%), and 51% had high family income (Q$80,000/year). There were no significant differences between groups on demographic or clinical variables with the exception of parent education, which was significantly higher in the Managing Diabetes group (Table 1 ). There were also significant differences between sites with respect to race or ethnicity, income, therapy time, parent education, and A1C, so site was controlled in all mixed model analyses.
Adherence to the completion of sessions was high: 77% of TEENCOPE and 79% of Managing Diabetes participants completed four or more of the five sessions. In addition, 52% of youth in TEENCOPE participated in the discussion board component of the program. Satisfaction with programs was high with no significant difference between TEENCOPE (3.97 T 0.71) and Managing Diabetes (3.89 T 0.56) participants. Girls (p G .001), non-White youth (p = .017), and low-income youth (p = .024) reported higher satisfaction compared with boys, White, and high-income youth.
Youth reported moderate self-management activities (collaboration with parents, diabetes care activities, problem solving, goal setting), social acceptance, and diabetes QOL; low perceived stress and family conflict; and high general QOL. Seventeen percent of youth indicated elevated depressive symptoms (Table 2) .
There were no significant differences between TEENCOPE and Managing Diabetes participants on the primary outcomes of physiologic (A1C) or psychosocial (QOL) adaptation. With respect to secondary outcomes, there was a significant increase in perceived social acceptance by Managing Diabetes participants compared with TEENCOPE participants (p = .013); however, there were no differences between groups on any other secondary outcomes. The hypothesis that TEENCOPE participants would have significant improvement in outcomes compared with Managing Diabetes was not supported at 6-month follow-up.
There were, however, significant time effects for both groups. Participants in both TEENCOPE and Managing Diabetes showed a significant decrease in collaboration with parents (p G .05) and a significant increase in diabetes self-efficacy (p G .001) and global QOL at 6 months (p G .05; Figure 3 ). For Managing Diabetes participants, there was a significant increase in social acceptance (p G .001) and diabetes QOL (p G .001; Figure 4 ). In addition, for TEENCOPE participants, q there was a significant decrease in perceived stress (p G .05) and an increase in primary control coping (p = .06; Figure 5 ). Family conflict decreased over time in both groups; however, this was not statistically significant. The A1C levels increased in the Managing Diabetes group (p = .014). In Figures 3Y5, standardized z scores are used to allow for comparison of data with different metrics. The effects of the interventions on A1C were not moderated by any demographic variables. However, the effects of the interventions on diabetes QOL were moderated by gender and depressive symptoms (Table 3) . Specifically, boys in the Managing Diabetes program had greater improvements in diabetes QOL compared with TEENCOPE participants (4.19 T 1.01 vs. 1.03 T 0.89; p = .019). Baseline depressive symptoms also moderated group effects on changes in overall QOL (6.86 T 1.25 vs. 0.27 T 0.50; p G .001) and diabetes QOL (5.75 T 1.88 vs. 0.39 T 0.76; p = .009). Youth with elevated depressive symptoms (Children's Depression Inventory, Q12) in the TEENCOPE group showed greater improvements in QOL compared with youth who did not have elevated depressive symptoms at baseline. This effect was not seen for Managing Diabetes participants.
Discussion
The primary purpose of this study was to compare the efficacy of two Internet psychoeducational programs. The hypothesis that TEENCOPE would result in better adaptation after 6 months compared with Managing Diabetes was not supported. The use of a relatively sophisticated attention control condition may explain the lack of differential outcomes.
Despite the fact that the hypothesis was not supported, there is much to be learned from this study. Different but complementary effects of the two interventions occurred that were consistent with the conceptual framework. These results suggest that Managing Diabetes provides skills in healthy lifestyles and diabetes problem solving whereas TEENCOPE provides support for altering primary control coping. Because previous studies have shown that youth with T1D require both education as well as coping support (Grey et al., 2000) , both may be necessary for youth to manage a complex condition like T1D and to improve both QOL as well as selfmanagement and psychosocial outcomes. In future analyses, mediators of each program will be tested.
Because diabetes education is a standard of care for youth with T1D, it may be surprising that an Internet diabetes educational program like Managing Diabetes, based on standard diabetes education, resulted in improved outcomes. Providing the program via the Internet may be particularly appealing to youth who are very technologically savvy. The program was provided in a format that youth are very comfortable with, was easy to access, and allowed youth to go through the program at their own pace. In addition, the Managing Diabetes program was written specifically for youth, whereas written education materials provided to youth may be geared toward parents. In addition, delivery of an interactive educational program that included case studies and problem-solving exercises via the Internet enhanced teens' capacity to make q diabetes-related decisions due to the immediate feedback that the material provided. The average duration of diabetes was 6 years in this sample, suggesting that youth's initial diabetes education may have been more focused on parents and less so on their own problem-solving skills necessary for self-management as youth transition to adolescence. Therefore, an Internet educational program at this developmental transition to greater independent diabetes self-management appears warranted. The transition to adolescence in youth with T1D is a challenging period, developmentally, physiologically, and behaviorally. Hormonal influences as well as the drive toward independence and the resulting increase in conflict with parents and other authority figures have been associated with worsening metabolic control in youth with T1D (Anderson, Loughlin, Goldberg, & Laffel, 2001) . Although it may seem counterintuitive that the lack of difference in A1C is a positive outcome, under usual care conditions, it would be expected that A1C levels would deteriorate during this transitional time. Maintenance of metabolic control during this transition is likely an improvement over usual care. In addition, although a decrease in collaboration with parents would be expected at this age, it is a positive finding that family conflict did not increase and self-efficacy and QOL did improve.
Although primary outcomes did not improve significantly in the TEENCOPE group compared with the Managing Diabetes group, improvements in perceived stress and adaptive coping strategies and maintenance of A1C levels in the TEENCOPE group suggest that the program is effective in altering important mediators of outcomes. Similarly, Managing Diabetes resulted in improved social acceptance and diabetes QOL, again supporting several hypothesized relationships in the framework.
Program participation in both programs was very high compared with previous studies of in-person interventions (Grey et al., 2000) . Internet-based interventions have the potential to reach more youth for several reasons. Probably most important is the high level of Internet access for youth today (Pew Research Center, 2009) . Youth today also participate in many activities, making extra trips to a clinical center difficult, but the ability to access the Internet on their own time allows youth the opportunity to participate in psychoeducational programs.
In this study, youth of different races and ethnicities were recruited across four sites, so the data advance understanding not only of the impact of psychoeducational interventions in youth with T1D but also of the ability of Internet programs to reach youth of varying race and ethnicity. There were high participation rates across racial and ethnic subgroups in this study, suggesting that Internet interventions may be a way to successfully engage such youth in such programs. Indeed, non-White youth were highly satisfied with the Internet programs.
In this study, however, very few moderators were found. Managing Diabetes had a greater effect than TEENCOPE on diabetes QOL for boys. It may be that the timing and delivery format for diabetes education was particularly relevant for boys. On the other hand, TEENCOPE had a greater effect on QOL for youth with depressive symptoms. It is possible that depressed youth were able to benefit more from the coping skills taught in TEENCOPE, as depressive symptoms in youth have been associated with less use of adaptive coping strategies (Jaser et al., 2008) .
Despite the multiple strengths of this study, such as theoretical consistency and an adequate sample, the study has limitations. It was conducted at four major pediatric diabetes centers, which may not represent the larger population of transitioning youth with T1D. For example, 51% of the sample used insulin pump therapy, which may be higher than the total population. Approximately 50% of the sample was also of high income. In addition, in this article, only short-term outcomes were reported. It is possible that, given the mediating effects suggested by the data, a longer period of follow-up is needed to see changes in outcomes. q Nonetheless, the results of the study suggest that youth with T1D transitioning to adolescence may benefit from both Internet diabetes education and coping skills to reduce stress, improve QOL, and maintain A1C. In addition, the use of Internet-based interventions resulted in high participation rates and satisfaction in both White and non-White populations. The use of such interventions to increase access to psychoeducational programming is warranted. q
